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Figure 1. The model independent analysis in the p —n plane: (i) The ayx, ray; (ii)
The @ circle; (iii) The z4 circle; (iv) The R, circle. The « ray is given by the dashed
line. The true 3 ray is given by the dotted line. Also shown are the true vertex of the
unitarity triangle (p,7n) and the (p’,n") point that serves to find 6; and ry.
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Observable |Dominant Contribution|| Flavor Content
nEDM g, xt, X° (6ad)LR: ~ KuaK3y
€ g (b4s)LR
¢ g (bds)LR
Amp 5M SM
K — mvir SM, g (04s)LR
v Amsp, gt |f§’i@d CKM + % mass
—» Amg, SM, %t |I§'£&*s| di%mmli&a‘l‘ion
sin 23 7t KK
sin 20 a - Kuky
sin 27 Xt i ﬁr:s
Acp(b — sv) Xt ~ Ky K,
Amp g ~ |thf§’:u|
ng/ny x*t, %% in -

Table I: We list the CP-violating observables in the first column, and the dominant one-loop contributions in
our framework to the amplitudes for these processes in the second column (we work in the decoupling limit
and thus neglect the charged Higgs). The third column demonstrates schematically the main flavor physics.
Basically the 4’s are elements of the (down) squark mass matrices normalized to some common squark mass,
and the K’s are super-CKM-like matrices (related to the I'V matrices defined in the text). Subscripts label
flavor or chirality. The table is designed to demonstrate symbolically which observables are related (or not)
to others. (More technically, the squark mass matrices are expressed in the super-CKM basis, in which
the squarks are rotated by the same matrices which diagonalize the quarks. In the down-squark sector, we
utilize the (d;;)4p parameters of the mass insertion approximation (in which i, j denote family indices and
A, B denote helicity indices). We use a slightly non-standard but more transparent notation for the flavor
indices as d, s rather than the usual 1,2 labels. I?,'j labels the flavor factors entering at the vertices of the
loop diagrams involving up-type squarks. These factors are given by products of entries of the up-squark
mass matrices and entries of the CKM matrix due to the quark rotations. Note also that the explicit flavor
factors which enter in the b — sy and the nEDM amplitudes involve right-handed quarks on the external
lines, and hence are different from the K matrices discussed below, but the flavor structure is similar (a
similar statement holds for the flavor factors which enter in D — D mixing).
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Figure 12: Amp in (a) the four generation SM with the same labeling as in Fig. 1,
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As in our approach the CP asymmetries and CKM entries are not related (since CP
violation and quark mixing have different origins), it is fruitful to define sin23 and sin 2c
in terms of the above asymmetries and sin 2y can be defined in terms of the CP asymmetry
in B, — pK,; the “unitarity triangle” given in this way need not sum to 180° as in the
SM [29,30]. As stated above, our results demonstrate that the chargino contribution alone
is sufficient to account for the observed value of sin 28 reported in the CDF preliminary
results [5]. In Fig. 1 we show contour plots of both sin28 and Amgp in the ¢, plane for
the particular choice of parameters X' = 0.23, and § = /5.
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FIG. 1. Contours of sin23 and Amg for X' = 0.23, and # = n/5. In our approach both
quantities originate from the SUSY contribution invelving the chargino and the lightest stop; the
SM contribution to Amp is suppressed since the CKM orthogonality condition forces {Vy4| ~ 0.005,
and there is no SM contribution to sin 23 as the CKM phase is (by assumption) zero. The absolute
value of sin 23 can be as large as 0.78 for this choice of parameters; it can be larger for other
parameter sets. Its sign depends on the sign of the stop mixing angle 6.

In addition, there is an important relation between the CP-asymmetries in B — Y K,
and B — mtr™:

sin2f3 = —sin2a ; (6)

this relation is a hallmark of a real CKM matrix (as pointed out previously in the context
of different models by [32,33]) plus negligible direct CP violation in the B system. This
relation cannot be accommodated in the SM, as can be seen using the “sin” relation:
sinfd [V 1)
sina |Viysind.|’

8



